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(54) THIN-FILM SURFACE TREATMENT SYSTEM AND METHOD 

(57)Abstract 

PROBLEM TO BE SOLVED: To radiate an ion beam onto the surface of a 
thin^fllm sample to level the surface of the sample while ionizing a 
working gas in a clustered state as well as accelerating it 
SOLUTION: The system is comprised of a working gas supply unit 10 that 
supplies a working gas, a reduction/expansion nozzle 21 that changes the 
supplied working gas to a clustered state, a diffusion chamber 20 that is 
connected to the nozzle to diffuse the clustered working gas, a skimmer 
22 that is connected to the chamber to select/extract a part of the 
clustered working gas, a source chamber 30 equipped with an ionization 
unit 31 that ionizes the selected and extracted clustered working gas, an 
acceleration chamber 40 comprising a lens 41 that increases the density 
of the cluster ion having ionized the working gas and an accelerator 42 
that accelerates the cluster ion, and a chamber 50 for the step of leveling 
the surface of a thin-film sample 2 by irradiating an ion beam of the 
accelerated cluster ion onto its surface. 
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flaw** >/t-fc»esniME* 577tt<§©ftft# 

»©*1BfcJM#SftTW^©*ii£¥Sfc-r*fc*© 

is?* mttiBiE^n. 77771** 
>©< *>tr-A*w« UTtmosffiSTaitr* n 

111*312] ±B»a^lr >rt-£ia.9-*>K'-£«> 20 

wcstten. ttrfsaiasnfc^^x^^©^!!^ 

Tft^T * E t £#&<hTSfi#JS 1 ett©*K*iB«L 

MMBgU] ±KI@?*>A-©rtBBlC7m«5£BE 
HUT, ±E»asnfcj'5X^*U80^»35fX«f. *§ 30 

[«*J|5] ±IBie5 L ^>A-©rt»lCtt, ±E«M 

tt 4 E*©*K'£'ffifflS yXfA, 
[»#B6J JhE^ft^'i, CO,. SF,, Ar. 0,RtfN, 

o©rt*» e-siRsns c t tr smoi 1 e«© 
[men 7] ±Eff»if^ft»s*rto£E*tt. 40 
-rsn^ 1 E»©^«®ma->7.xAo 

A. 

S-B-TtSStf 1 ^ Wt-Ort»TW!»»B*-ftT^ 777 
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{tint, 

WE-r * xt s n£ 7 7 7 * ^»ds$ * 5 mmum t . 
itrEJDii^nfc^ 77^^»Ke^©s®iciitLT^ 

o] ±ESDais©st, ±mm^ntzi7 

«i*99X(ii oE«©^gffiffla*s. 
[f*«i2] ±K**-wtig©ffcic. ±E-f^>ft: 

frns n t atraiii-tfs 9 E«©^ngffi®a* 
fc 

»M13] ±E^*>fc$ft*:7777£7'f'>v? 

■r*a*ai 2E«osigiii^. 

[ft#Hl4] ±ESS»$n^7 77^©lt^S*S!l 

fiixT. »a*m©«BKa»3n**5**©atfe 
gsMs-i- 5 z. t &®m.£-rz>m#m 9 ess©*? ma® 

maai 5] ±Ess»$n?.7 77^©^:#$$a!ig 

l/T, »*KH©*fflKH»Sn** ?**©** * ft 
18@5T£ C t ft#® iT*«*a 9 Ea©*K*B&a 

'[M^H 1 6] ±Efe»#7tt, CO,, SF t , Ar. 0,Rtf 

n, 0* saRsn* c t ft mi t-rsi«*« 9 e«©» 

[Ba*l 7] ±Eff»*^Stt»r*E*tt. 
7 © 7 5 7 7 m ^3 «fc 0 ft < JiifT £ C £ ft #© t T 
9 Ett©»KSSffia^ft. 

[0 0 0 1] 

« (£TR riTOj t»»rra) ©S53#«^<!:©5i 

na® sr&ar * ^msis^a ->7 x &-A.zm&mt& 

S3EFfeK«*"b©T. IfKll 7 57^^©^*)^ 

7^-f^->{k-r*t*ic. 3UDii^-&T^jie^©gisii 

•f^>f-A*Sg»1--5^tT, lit^©S®&^S{t:T 

5»j«aiBffla->^xARWi«*iii«ia*ffifcHi-* 

t>©T*5. 
[0 0 0 2] 

[ft#©Sfi&] ITOSfMXttULSI (ultra large 

scale integration) ^WtCraxaiCttJlSilStttt 

t UT©»«©awtt, »*«t¥««**u&ttntf* 
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^XvRlWtf^tr-ASfUBLTjWHSlBftT 
[0 0 0 3] *fc, *KT$)K 

« (hiiiock) wwrr*»*ic, ««/hft»fc»uT 

5IV»*»*yft+r*J:5tft*fc*K.- **EL (Org 10 
anic ElectroLuminescence) fct'CgWftffii bT{£ 
jg-TSiStt. *©«/h*»*IWcUfc»tnttl*--fcfi 

[0 0 0 4] 

/M«»*i»*-r*tt3iE«>*tttt. aejey^XTRtH 

iJfittBfSTT'f *i*CtT. MASK (le 
akage path) ft»rtLTWMWHW«Wtr* fcVOH 20 
S*i»ofc. fl:*tB«#Uf (chemical ■ 

echanical polishing) 77'J-©;*:#£R 

[0 0 0 5] JE-CT, **Stt. £«>J:3JMfi*®Mi 
[0 0 0 6] 

[^HSr^r^fc»©^a] c:©j;5JfteM*afi)cT 

i<hn; x^ t , wi/wsay XjuaMsaniME* 
wt-wassntMEf 57*ttffi©ft»#7 

-r *>©>r *>\z-&tfnmm®&mzmttztir® 
[0007] icmse^-f^^-tie^+wt 50 
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®j#7 & w$ nsisesriagpT * it$> ©7* * ^— * 
[0008] tfe. iEia^* >A-©i*s»Ktt. « 

atSft*t(IKf1*#*©*tteS**£1"*7 7 5t- 
*g£iIJPbTfit;LTt>i:V>. S&K, iElS^f.WX 
-©rt«fc*AJBBfeE1IbT, ±EflPiI$nfc7 77 

*«*©#»#;**. <*>*iteir*J: 

±E«»5ns^ii^x©^7XiJ'©*t$* 
surf >*)i> h o >$jiiabTfii^T : bcfcVi <> 

[0 0 0 9] ±E^ft#7te, CO,. SF,, Ar, 0, 

RtfN,o©i*3#s8&sn5 ! b©T&a. $e>tc ±e 

flOfc#X{ftlHiElIl'i©E*tt. «»#X®* 

[ooio] *fc. *RHfcj:**Bi*iBa«*ttM:. 
ttta-r^siaixgi, wehm • jams*!*:? 57* « 

57^*JDSS-&5JlljtXSt' S&EflQilSttfc^?* 

[0011] *fc, ±EJnais©«t-> ±E*aan 

fc* 5 7 * ©MMHI SrUffiT £Ig£3t tD b Tfr-3 T 

[0012] s&fc, JtETSfclS©*^ *M£S 
£&fflbT6V» : E7V~ r#>£|&3&bTjSSih£*l*2 
77*£i^fcSl^5l8§jSbPbTfT-3T'fe«fcV>. 

[o 0 1 3] *fc, ±e-< *>fl:xs©»K. ±E^* 
t $ nfc 7 7 7 * * 7 *- # -> > 7*f * im &siap b 

[0014] *&. ±EiM^n5 7 57^©m^SfS 
^asbT, »mtm©affi^»^n5^77^©« 

*MlfKft«iri"*t>©tbT*>J:v>. ±EM» 
$n*777^©^:t$^il^bT, ^KK^©SBtc 

[0 0 15] ±E^ftX77«, CO,, SF,. Ar. 0, 
Rl^,0©f*3*^]^?§ns%©i:bTfe«t^. 
IC, ±E^»3tfX*«f6-r5E*tt. #l!lXf7©7 77 

[0 0 16] 

[%BJ©^M©M) £4T. *JSWC*i©»«*i* 
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Zl£?7*t> (cluster) ttffilCfcfl:Stf*IB/M6a 

x*ttj&©f£»#x i *n*r«a:»?*>A-2ot, 

KffiSt? 1 * >/t-20fcattSftTttrE* 77>*#*§©f£ 
l!j#7. 1 ©-SR£jIgiJ • affi-f^^^V- (skimmer) 2 10 
2£, K**T-22fcJ;0aSiJ«ttlti*ftfc*5a*tt 

5 x 9 -r * >zmm-&zinmimi2£:ffi ttim 

**Wt-40fc, iTEioaSftfc* * 

> b- A*J»Bt^ e> 2 icjB»*nTttttfr 2 © 

[0 0 17] £©«fc'5ft:757.:5'-f:*>©'f:t>b'-A 20 
«fil»LTKI»2©«IB* s r I «fl:-r*«Dt«WSn*ff 
i^ltLTIt CO,, SF,. Ar, 0, RtfN, 0© 6 

MRbxayasft*. *^^©n*gjBfiiT«^a 

T^7X^3i««t<^3tl-5C0,3tf^*fiJfflbfc*i. E 
l**5**#^3ft*ffi*.fcO*<li#Stt*;:fc 

[0018] sfc, ±aEtt/Maas>'XJwitt. ±Efm 30 

IfigD*«0.11m©5^5A;UflF (Lavalnozzle) £$fflL 

ft. ±eff»*x«*^»o*»6«i&snsfHtti!f^i 

tt. «/MS»/ yOl/21©±iEE£5nJMf £aifiLT3l 

#6*?**ttIRKa*SftS. 
[0 0 19] ±Eg£©&St?*>A-20te. ± 

4iiT. «70iTorrtJ(H»Sn*. BP*. f£ft#Xl 
tt, £©±3ftBEaSIK:J:oTK^KLfta«&£5X 
**i»fi!iSft4©T**. £©J:3e®jSSftfcfl*;Jf 
XlC^Xi'lt ±EX£©iStt3 1 ir>/t--20iV- 

^5 L -v>A-3ot©wcsa^snfcx+T-22ic«kt)tf[ 

tt. ±EX*V-22©Ea*<0.5iDiii££ftTl>£. 
[0 0 2 0] ±EV-*f l ir>/X-30rt©ttr»k:tt. -f 
*>flUM31*<tt»*&ftT*JD, ±E7.*^-22lC«fc? 
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ft*. 7-7.5 lj t'>A*-30©|*3SPIC»J7lxi7 hn 

>32#I9:tt£ftT&9, (retarding field) 

*HUBbTltB-f *>fcS»l£iIiftL&fl5»#* 1 © 

±IHV-X5 1 r>A*-30©l*iePE^«, 
/S>y (turbo molecular pump) 33^1'ioT 3 X10"' 
TorrgaiCJt&SftSo 
[0 0 2 1] ±E-<*>{tS«31lCJ:0-f^>{k 
3ftfcf8fctf*l©*5**tt. MSf+WWOSa 
i§Lft#Sin££ft£#. Cfttt. ±EiDS5 1 r>A*- 
40rtfc»Jt6ftfcloa»«42tJ:Dtftoft*. *%M© 

*tt. ±ESDi£gfi42(CiOl50kV*Tioa$ft*«t5 
iCft-sTV**. 

[0 0 2 2] ±E<*>ft2ftfc#»#7. 1©* 

7^?H JuiIg«42le«fcDjbDiS2ft£itK, *©-f* 
U>X4i, ^A«±E< tf>{fcge3i t 
ftl*g«42 £ ©BB £E B tt 6 ft ft 7 -f > x ;U U > X 

(einzel lens) fci-sTCfc^ft*. ±E7f >S?x 

6ft. =t>omit»jtsftT. n/wpommzM. 

(-) ©«E^EP*$ft. *«*©«*«**»*** 
* Z. £T±Ef£»#7. 1 ©*5***»«l*Sft*. 

[0 0 2 3] JtEJnaE^r >/X-40ftaill/TlPji*ft 
fcfMMf*l ©*?**«. IS?*>/X-50©rt»© 
K»2 0*lBK:JIBftrSft*Ci:T, &«&2©«®«¥ 
SlCffiSSft*. ±Ef^«J^7.1©^7X^© 
K»tt«*n*-r*fc*K:. 5i*i±EXS? 
*>rt-50©rtWKfM*&ftTV>*. cfflIgft>A 
-50©rt«©flym. ±EV-.X3 1 *WC-30iH«fc 
^-#»^#>^55«ffcJ:-3T«»Sft*. 

[0 0 2 4] *3SW©$ai#B-rtt. f£ft#X 1 ©* 7 
7. 4" > « JEEX * * ^— 5 1 «t -3 T ± 1 OkV£ TX-Y 
IftiC. IP*, MSftlCX + ^-^Sft*© - ?. KfJ-2© 

[0 0 2 5] ±GXS?*>rt-50©rttt£. ft 

4000#9*a*©**dB552ftElll<T. f1*#X 1 © 

O ?x*0inBix*;u¥-k:J: o £ 7X*©#fjiHS&£ 

fc*.T. •?-©i7 7X^"t'©S^ ; Ey V—f 
1**11 iT. ^-^MX10i?7X3'^*>f-A 
C©i'5ft#l!i^Xl©i7 7X^-f ^->h'-A 
«, lift >A*-50©rtSPlC7 7 7x-^53$:EttU 

*^ttg-r*fc*lC. Ig5 1 r>A*-50©|*ilS5IC^^> 
^JPr-D> (channeltron) 54$:EttbT. -?-©^:^$ 
SW3t-r*^t*»T#*. C©±3lrll)£-ttg$ftfe 
■f*>*i«Mltt. ±Ef^«)^Xl©i7 7X^'f^>© 
■f * y f- A OlRlHI« IBffiT * C t IC^ffl $ ft *. 
[0 0 2 6] *%^©HSEJgSlT«. #IC> WtSELft 
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a (Dmmmm \zmm s i TmwL<Di%M&w to <^t 
»7j©tt*, y^xvstt^, ? 

[0 0 2 7] £TF. £&Sf£ft#Xftf* 
life £ 7 7. * -f * 3" > k*- A ft fijffl b fcgHffia 

#7 ft-f * XtS-frfc i7 7 X * -f * >©-f" * > £- A ft 

• 5*^ • !7— (van der Waal s' force) ©## 
-f*>ftl/TUfi8l*^-ftlin**fc. *-n?>flf»£iS 

-f^^t-Afttimra^tj^T**. 20 
[0 0 2 8] Sift, x/i^^u>^ir^©«-&i-> 

#T©*3£R «t -o XI 0~ 1 00gg©& </^K 

2gftji-tr<&©T\ jSjtxy^^^ft-r^ni^Tfr* 
l, «ii<D*3p*WK:ai!i»R«x^j^-ftfiair* 

Z.tXjrJ (nm) £CF©SBffl£ (surface roug 

hness) ftWT<5SWffla#W?&*. fio. SS© 

• ft*rr**^K**cwfflT**. 

[0 0 2 9] — ^a^X©^57.^"r^->^ 100k 
VWMlX^;]^— ftflD^St, ^ffiitft (surface ero 30 
si on) Sl&CiO^-f 7 : &>F. 5*fc£©ffl«&*Jt 

O^ffift * n*«aaiu#**«&*ttft* b 

fc'f *>ti-A7-7.T&S. 
[0 0 3 0] ^.©i^^lb^XCD^^T, 
^-f*>ftjWffl1-*fc»»w, Eas^/WtfftfUJBLTW 

^fi (differential pumping systme) ftffiV^fc,, d 

as tiTWR 2 ©i¥Mg® K»rtanfc*/ha8fc 2 ft 

[0 0 3 1] B3». *«WC£*IM«ififfla->*? 

aic43ut, iB/jxaai/x^iftaiiufci^c, jwtp* 
waiiste c i 0 mm b fcco, * 5 * * ft^T y 7 7 ts> 

*. CUT, f^ii*^«l6SW0rtOE*tt, 5»ET 

©*#2©#*ft$!l5Eb/t. H©«*fc. 7-f>-7xJH/ 
6 Jt « U >X41 0-JB C fcttOOVO/W* ftEPJP b 
T> v + y ^ -tVV* Ml 0 u s©M ICjIj® bfc £ 7 7. 
^ ©^ ft ±15 1/ >X41 1 . 8mgg«6nTg#£ nfc 
5 1 Y>*;i'hD>54T^-->a7Zi-7ftaCTjilSt 50 
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[0 0 3 2] E|3t-*5^T, mfr&ffflwns<Dm&.\z% 

^.S/hSVifcT-^tt, CO^yv— -f^OJRfriEflift 
ilfc^OT^oT, iji<j200MS©#jfiT'-S^^tr- 
? ftji,-fr&©«. ^-©^;#$/9^750f@gS©C0 2 

[0 0 3 3] — H4J4ITW»ilO*®ft. 0 513CO, 
*/V-^*>k*-AftfiJJSbTffiabfcgffi£\ 06 

Kco^^x^ftfijfflbTjasbfcSBft. *n^ns 
msBfrmnwrn*. mo ^xftsufc'bOT* 

[0 0 3 4] 04t^bfc<t51C, Sfflfflaitl©^77 

±K*»*nfciTo»«o*iafctt, i5o~2ooA©m/h 
sr, M^M)?*paMftfJfflbT«ffi©!SSft 

25Atm , ^«f*3T7.^^x> : yr5t, (rms) 
#1.81m (13.1 A) g*K*1!ft3|iatttS. 

[0 0 3 5] aslC^Lfci-SlC. 20kV©iDiiX 

* JP^-TCO, * / V— < * > M- A ftfijffl t Tl . 5 X 1 0 
1 ' ions/cm ! ©-f #>**TiRitt-**£tt, m/J^^^^ ^ 
*#K:fii<&0. SMfi^ (rms) 1.6nmT% ^ng[Rl± 

[0 0 3 6] ^niCft^T, 06tCSLfc«t5«C. «/h 
fttfAtft ^> I T0ifflBI©SB ftCO, >? 5 7 * -f * > b- K ft 
25kV©iDj$X*;M i -T% *(*>mm 5 X10 1 'clusters 

/cm'Tsaa-r-si, «/Mga*t^a»*anTatiiias 

(rms) 35*0.94nmT\ &KS\Zft±-£tlttZ.t&ftfrZ. 
IP*,, -Y^->t*-AftIT0^©SPHlMB#tC^©^ 

®tc spff htzm- ©a» t i d m^mm^^ n-s. 

[0 0 3 7] 

©« : f^ftfJfflL,T77XvJnM^ae. Krfet*OS 

«fc3tf*ftftjs-ra;ifc&<. w*^^«ftfiJffib 

TAr. Ne. fflRRt«**£OflUlEfe3ff^O'f *>fld» 
*ft|Rl±b»*tV»5S»*36«**. tet)Pf©Sffi© 
«ffiftft^clSMe>bT, aUEMM*?Kft®Sll®1R 
/jN^ftl^*-r-2>^i* 5 T#Si:*tC. SMffl^ftnm^ 
T^lSSlCJPSfLbftStV^^*^*?). Set, fit 
i^©g®iC#e-ri»»/J^ft^*T5rtT'. WffiE 
L a f ©Sl^«^ tr^ffl-r a t * c, t 

jjAftffifibftstv^a*** 1 **. 

[HI] *«B8fcJ:**itafflffla->^T-ARt«lll 
^®Ma*fe ©^Sifi ©M ft ^fl&BJ HT * 5 . 
[02] ±|5»lR*®iQia->XxAlcfflViS<S/M£?S 
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5xl0 14 C0 2 clusters/cm 2 
rms=0.94 nm 

1.5xl0 14 CO 2 ions/cm 2 
nns=1.6 
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